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(57) ABSTRACT

Designs of pluggable optical passive devices are described.
Such a pluggable optical passive device can be inserted into
an existing configuration. According to one embodiment, the
pluggable optical passive device is formed as an elongated
enclosure with one or two first connectors on one side thereof
and one or two second connectors on the other side thereof.
The first connectors are provided to be coupled to female
pluggers while the second connectors are provided to be
coupled to male pluggers. Depending on implementation, the
first and second connectors may be glued onto or skewed into
the enclosure through holes, and may be further extended by
a flexible pigtailed dual L.C connector.

11 Claims, 9 Drawing Sheets

600




US 8,985,869 B1

Sheet 1 of 9

Mar. 24, 2015

U.S. Patent

1Je Jolid

N
hﬁ%»wiﬂu¢

e



US 8,985,869 B1

Sheet 2 of 9

Mar. 24, 2015

U.S. Patent

He Jolid

3E2ET




US 8,985,869 B1

Sheet 3 of 9

Mar. 24, 2015

U.S. Patent

e Jolid

{dS4) W3LSAS THOJSNYHL

JX21SA8 [HOLSNVHL

30iA30Q ISOH




US 8,985,869 B1

Sheet 4 of 9

Mar. 24, 2015

U.S. Patent

G Old

cov

GZOL+XXGL
> >IN0 8un
XXG |
09
GZ9l
uj sur
XX
gl 705 GZOL+XXGL




U.S. Patent Mar. 24, 2015 Sheet 5 of 9 US 8,985,869 B1

FIG. 6

o P
o i
© \
orel
/
/
-
3 <
X,\‘&R
\
;v‘
4
/
»¢




US 8,985,869 B1

Sheet 6 of 9

Mar. 24, 2015

U.S. Patent

SMBINE <

pauawbiy

-2

M
|
|

!

e




US 8,985,869 B1

Sheet 7 of 9

Mar. 24, 2015

U.S. Patent

318vo

008

XY 0651

X1 06ST W

o

©

©

\ \\mﬂ_,ﬁ

LDIOYE BRE 1nog

JENL 35007 WAoo
J8NL dWi-D

ino aun

uy aur



agexoed Jojoe) WO} ||BWS Q|D]Y Ul S101B|0S! |en( g6 ‘9/4

US 8,985,869 B1

Sheet 8 of 9

Mar. 24, 2015

U.S. Patent

a3eyoed 1010e) WJIOJ ||eWS Q|D|Y Ul J03e|0S! T-Ul-Z qm .mU\.ns

g8 "Old

N0 aun
o (T® |,
XY 0457 NNUH e §, ﬂ/
X1 0SST WMHHE y =/ ekl
o JOu ®
| ujaurn



US 8,985,869 B1

Sheet 9 of 9

Mar. 24, 2015

U.S. Patent

g01 "OId

agdeyoed Jojoe} wJoy jjews 37g|X314 Ul s1ole|os! |jen(

» 7 i M
a3eyoed 403126} W0y |jews 31gIX3 14 Ul J01e|os] T-ul-¢
& > W
W iy | Z
ug By o
|



US 8,985,869 B1

1
PLUGGABLE OPTICAL PASSIVE DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefits of U.S. Provisional
Application No. 61/686,273, filed Apr. 3, 2012, and entitled
“2x2 pluggable small form factor platform for optical pas-
sives”, which is hereby incorporated by reference for all
purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is generally related to the area of optical
communications. In particular, the invention is related to
pluggable optical passive devices.

2. The Background of Related Art

To meet the ever-increasing demands for high bandwidth
and more flexibility in modern communication networks,
utilizing optical fiber networks capable of transmitting mul-
tiplexed channel signals is becoming increasingly popular.
Many optical devices have been designed to meet the
demands. Among the optical devices, pluggable optical units
are key elements in many applications of optical fiber com-
munications. A cost-effective and reliable optical pluggable
unit having low insertion loss and versatile function with
flexibility is often required. FIG. 1 duplicates FIG. 1 of U.S.
Pat. No. D467,544 to show a small form-factor pluggable
optical transceiver module.

Optical add/drop devices are those elements often used in
optical systems and networks. For example, an exchanging of
data signals involves the exchanging of matching wave-
lengths from two different sources within an optical network.
In other words, the multi-channel signal would drop a wave-
length while simultaneously adding a channel with a match-
ing wavelength at the same network node. FIG. 2 duplicates
FIG. 2 of US Pat. Pub. No.: 2006/0018593 Al to show the
concept of add/drop function in the optical add/drop devices.

Typically the add/drop function is realized with bulky LGX
or rack modules and rarely in small form factor, although
there are some configurations with multiple SFP form factor
devices. One example is shown in FIG. 3 that duplicates FIG.
3 of US Pat. Pub. No.: 2009/0154930 A1.

Pluggable devices are widely available in electronic forms
these days. A device that belongs to the pluggable category
typically needs to be turned on and functioning as soon as it is
inserted into an electrical connector receptacle or adaptor
port. When it is unplugged from such a receptacle, neither the
system that hosts the pluggable device nor the pluggable
device itself will be damaged. Pluggable devices may be
added or removed from a system without interrupting the
synchronization between the devices and the system. There-
fore, it is not required to have a power reset when replacing or
upgrading such devices. Pluggable devices add on a good deal
of system application upgrade flexibilities and are becoming
more and more popular for electronics.

The advances in opto-electronics also allow people to
expand communication transmitters and receivers or the so-
called transceivers and transponders into the pluggable
domain. Various formats for such devices are being proposed:
Small Form Pluggable (SFP) is an example. Other examples
that allow pluggable applications include XFP, 12C, RS-232,
USB, Dual-port RAM, and Ethernet.

This invention disclosure intends to introduce a stand-
alone small form factor device to fulfill the functionality of
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adding or dropping a channel signal and to be added into the
pluggable application categories.

SUMMARY OF THE INVENTION

This section is for the purpose of summarizing some
aspects of the present invention and to briefly introduce some
preferred embodiments. Simplifications or omissions may be
made to avoid obscuring the purpose of the section. Such
simplifications or omissions are not intended to limit the
scope of the present invention.

In general, the present invention is related to a pluggable
optical passive device that can be inserted into an existing
configuration. According to one embodiment, the pluggable
optical passive device is formed as an elongated enclosure
with one or two first connectors on one side thereof and one or
two second connectors on the other side thereof. The first
connectors are provided to be coupled to female pluggers
while the second connectors are provided to be coupled to
male pluggers. Depending on implementation, the first and
second connectors may be glued onto or skewed into the
enclosure through holes, and may be further extended by a
flexible pigtailed dual L.C connector.

The present invention may be implemented as a method, an
apparatus or a part of a system. According to one embodi-
ment, the present invention is a pluggable optical passive
device comprising: an elongated enclosure provided to house
one or two optical components; two first connectors respec-
tively to receive two female plugs, wherein the two first
connectors are disposed on one end of the elongated enclo-
sure and fixed thereto by epoxy, and coupled to the one or two
optical components on one end thereof; and two second con-
nectors respectively to receive two male plugs, wherein the
two second connectors are disposed on another end of the
elongated enclosure and fixed thereto by epoxy, and coupled
to the one or two optical components on another end thereof.
In one application, the pluggable optical passive device pro-
vides an add/drop function to add a component signal from an
external source and drop a component signal to the external
source, wherein the component signal from the external
source and the component signal to the external source have
a substantially similar wavelength at which the each of the
filters is configured to pass through and reflect others.

According to another embodiment, the present invention is
a pluggable optical passive device comprising: an elongated
enclosure provided to house two optical filters; two first con-
nectors respectively to receive two female plugs, wherein the
two first connectors are disposed on one end of the elongated
enclosure and fixed thereto by epoxy, and coupled to one of
the two optical filters on one end thereof; and two second
connectors respectively to receive two male plugs, wherein
the two second connectors are disposed on another end of the
elongated enclosure, and coupled to the one of two optical
filters on another end thereof, the two second connectors are
extended by a flexible pigtailed dual .C connector.

Other objects, features, and advantages of the present
invention will become apparent upon examining the follow-
ing detailed description of an embodiment thereof, taken in
conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings where:
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FIG.1 duplicates FIG. 1 of U.S. Pat. No. D467,544 to show
a small form-factor pluggable optical transceiver module;

FIG. 2 duplicates FIG. 2 of US Pat. Pub. No.: 2006/
0018593 A1 to show the concept of add/drop function in the
optical add/drop devices;

FIG. 3 duplicates FIG. 3 of US Pat. Pub. No.: 2009/
0154930 A1;

FIG. 4 shows an exemplary system diagram in which one
embodiment of the present invention may be practiced;

FIG. 5 illustrates an exemplary internal functionality of an
optical passive device and shall be understood in conjunction
with FIG. 4;

FIG. 6 shows an exemplary internal structure of an exem-
plary pluggable optical passive device with explored sec-
tional drawings to show the details thereof, according to one
embodiment of the present invention;

FIG. 7 shows an exemplary fixation that can be done with
epoxy glue for a dual LC adapter and uses screws for the male
connectors;

FIG. 8 A shows a flexible small form-factor package;

FIG. 8B shows a similar structure for 2 single channels
routed with a bend insensitive fiber (BIF);

FIG. 9A and FIG. 9B show respectively two types of small
form factor devices for signal isolation use, corresponding to
the structure of FIG. 6; and

FIG. 10A and FIG. 10B show respectively two types of
small form factor devices for signal isolation use, correspond-
ing to the structure of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the
present invention. However, it will become obvious to those
skilled in the art that the present invention may be practiced
without these specific details. The description and represen-
tation herein are the common means used by those experi-
enced or skilled in the art to most effectively convey the
substance of their work to others skilled in the art. In other
instances, well-known methods, procedures, components,
and circuitry have not been described in detail to avoid unnec-
essarily obscuring aspects of the present invention.

Reference herein to “one embodiment” or “an embodi-
ment” means that a particular feature, structure, or character-
istic described in connection with the embodiment can be
included in at least one embodiment of the invention. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment, nor are separate or alternative embodi-
ments mutually exclusive of other embodiments. Further, the
order of blocks in process flowcharts or diagrams represent-
ing one or more embodiments of the invention do not inher-
ently indicate any particular order nor imply any limitations
in the invention.

Embodiments of the present invention are discussed herein
with reference to FIGS. 4-10B. However, those skilled in the
art will readily appreciate that the detailed description given
herein with respect to these figures is for explanatory pur-
poses as the invention extends beyond these limited embodi-
ments.

Referring now to the drawings, in which like numerals
refer to like parts throughout the several views. FIG. 4 shows
an exemplary system diagram 400 in which one embodiment
of the present invention may be practiced. According to the
embodiment, it is a single unit 402 in pluggable and small
form factor. The unit 402 is a pluggable add/drop device
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having ports to add and drop one or more channel signals. For
simplicity, a signal component with a selected wavelength or
a band signal will be deemed or described as a signal com-
ponent, a channel or a wavelength signal hereinafter. The unit
or device 402 is provided to drop one channel signal to the
main loop (a network 404 represented as a half circle) and
then add another channel signal from the main loop back to
the device 402.

FIG. 5 illustrates an exemplary internal functionality of the
unit 402 and shall be understood in conjunction with FIG. 4.
In operation, a light beam carrying two channel signals with
two respective exemplary wavelengths, 1530 nm and 1625
nm, where 15xx is used in FIG. 5 to indicate some variations
in wavelengths. As shown in FIG. 5, the light beam is carrying
two signal components, where the component signal of 1530
nm is to be dropped to the network 404 of FIG. 4. The output
from the device 402 is to pick up another signal component,
also at 1530 nm, from the network 404.

In operation, alight beam is coupled onto a filter 502 of the
unit 402, where the filter 502 is designed to pass the signal
component of 1530 nm through and reflects all others. As a
result of some optical arrangement (e.g., mirror or fiber) that
is not shown in FIG. 5, the signal component of 1625 nm is
reflected by the filter 502 to another filter 504 that is also
designed to pass the signal component of 1530 nm through
and reflects all others. Meanwhile, a signal component from
the network 404 is coupled to the filter 504 to be added with
the signal component of 1625 nm. Since the filter 504 passes
the signal component at 1530 nm from the network 404 and
reflects the signal component at 1625 nm, after the filter 504,
the two signal components are added and output from the unit
402. In other words, the input and the output signals are
different in one component.

FIG. 6 shows an exemplary internal structure 600 of the
unit 402 with explored sectional drawings to show the details
thereof, according to one embodiment of the present inven-
tion. One of the key elements in the structure 600 is a 2-in-1
single channel or 2 single channels routed with a bend insen-
sitive fiber (BIF) (e.g., Corning Clearcurve fiber with 5 mm
bending radius from Corning Incorporated). One of the
advantages and benefits of using one or more bendable fibers
is to provide some flexibility of reworking if necessary. The
entire structure may be in a small form factor cassette which
has similar width and height as a standard SFP transceiver. In
one embodiment, the length of the structure 600 is slightly
longer than a standard SFP transceiver. As shown in the
explored view A in FIG. 6, this special package has 2 male L.C
type connectors on one side and 2 male ferrules fixed in
adapter form embedded in the housing on the other side. This
device 600 can be easily installed or plugged to many current
modules for standard SFP transceivers as the width and height
are substantially similar to a standard SFP transceiver.

According to one embodiment, the fixation of the male
ferrule on the embedded adapter side and the male connector
is shown in the explored detail A in FIG. 6, using epoxy to
secure the male connectors and ferrule in the housing. In
another embodiment, the fixation can be done with epoxy
glue for a dual L.C adapter and uses screws for the male
connectors, which is shown in FIG. 7. The adapter is glued in
the housing with epoxy and the male connector is a dual LC
and screwed to the housing by two screws. This type of
fixation may need slightly larger package comparing with the
rigid package in FIG. 6.

According to one embodiment of the present invention,
FIG. 8A shows a flexible small form-factor package 800. As
shown in the explored detail, the female adapter is glued in the
housing but the male connector is connected to the housing
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with pigtails, wherein the pigtails are secured with a crimp
tube and a rubber boot on housing exit. One of the key ele-
ments in the design shown in FIG. 8A is that there is more
space occupied but a flexible pigtailed dual L.C connector
which targets for better fiber handling. The 2-in-1 single
channel or 2pcs routed single channels are also routed com-
pactly in the cassette. The size of the cassette may be slightly
larger form factor than that of a standard SFP transceiver in
length, width and/or height. In the cassette, there are two LC
ferrule and adapters, and on pigtail side, and further there are
dual LC male connectors. FIG. 8B shows a similar structure
for 2 single channels routed with a bend insensitive fiber
(BIF).

As previously described, these two types of small form
factor devices shown respectively in FIG. 6 and FIG. 7 can be
used for a dual isolator in one small form factor package as
shown in FIGS. 9 and 10.

The present invention has been described in sufficient
details with a certain degree of particularity. It is understood
to those skilled in the art that the present disclosure of
embodiments has been made by way of examples only and
that numerous changes in the arrangement and combination
of'parts may be resorted without departing from the spirit and
scope of the invention as claimed. For example, the variable
neutral density filter may be replaced by another device that
can strengthen an optical signal. Accordingly, the scope of the
present invention is defined by the appended claims rather
than the foregoing description of embodiments.

What we claim is:

1. A pluggable optical passive device comprising:

an elongated enclosure provided to house one or two opti-

cal components;
two first connectors respectively to receive two female
plugs, wherein the two first connectors are disposed on
one end of the elongated enclosure and fixed thereto by
epoxy, and coupled to the one or two optical components
on one end thereof; and
two second connectors respectively to receive two male
plugs, wherein the two second connectors are disposed
on another end of the elongated enclosure and fixed
thereto by epoxy, and coupled to the one or two optical
components on another end thereof, the one or two com-
ponents each include two optical filters therein, each of
the filters is coupled between one of the two first con-
nectors and one of the two second connectors, and

wherein the pluggable optical passive device provides an
add/drop function to add a component signal from an
external source and drop a component signal to the
external source, and the component signal from the
external source and the component signal to the external
source have a substantially similar wavelength at which
the each of the optical filters is configured to pass
through and reflect others.
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2. The pluggable optical passive device as recited in claim
1, wherein the pluggable optical passive device is in flexible
small form-factor package.

3. The pluggable optical passive device as recited in claim
1, wherein the pluggable optical passive device is in a small
form factor cassette which has similar width and height as a
standard SFP transceiver.

4. The pluggable optical passive device as recited in claim
1, wherein the component signal from the external source and
the component signal to the external source have a substan-
tially similar wavelength at which the each of the filters is
configured to pass through and reflect others.

5. The pluggable optical passive device as recited in claim
1, wherein the elongated enclosure provided further houses at
least one bendable fiber to guide a reflected component from
the one or two optical components.

6. The pluggable optical passive device as recited in claim
5, wherein each of the one or two optical components is an
isolator.

7. A pluggable optical passive device comprising:

an elongated enclosure provided to house two optical fil-
ters;

two first connectors respectively to receive two female
plugs, wherein the two first connectors are disposed on
one end of the elongated enclosure and fixed thereto by
epoxy, and coupled to one of the two optical filters on
one end thereof;, and

two second connectors respectively to receive two male
plugs, wherein the two second connectors are disposed
on another end of the elongated enclosure, and coupled
to the one of two optical filters on another end thereof,
the two second connectors are extended by a flexible
pigtailed dual L.C connector.

8. The pluggable optical passive device as recited in claim
7, wherein the optical filters are packaged together to appear
as a single component.

9. The pluggable optical passive device as recited in claim
7, wherein the elongated enclosure provided further houses at
least one bendable fiber to guide a reflected component from
one of the two optical filters to another one of the two optical
filters.

10. The pluggable optical passive device as recited in claim
7, wherein the two second connectors are glued in an adaptor
that is further glued onto the another end of the elongated
enclosure.

11. The pluggable optical passive device as recited in claim
7, wherein the two second connectors are glued in an adaptor
that is screwed into the another end of the elongated enclo-
sure.



